ABSTRACT -The material for this re s e a rch consisted of 93 patients with dural arteriovenous malform a t i o n s ( D AVMs) who were studied re t rospectively with regards to therapeutic success and failure, who had undergone either neuro s u rg e ry, or embolization or a combination of both methods and whose disease was located in the cavernous sinus, the superior sagittal sinus, the transverse-sigmoid sinus of the anterior fossa and the tentorium. Thus, it was possible to arrive at the following conclusions: treatment of the DAVMs must be indicated, jointly, by an interventionist neuroradiologist and a neuro s u rgeon; DAVMs of the transversesigmoid sinus were better treated when a combination of both methods was used; DAVMs of the tentorium were also better treated with a combined method; the endovascular method ensured only a 50% chance of therapeutic success for DAVMs of the superior sagittal sinus; DAVMs of the cavernous sinus are better treated when the endovascular method was used with a transvenous approach, relative to the transarterial approach.
Dural arteriovenous malformations (DAV M s ) a re rare and re p resent 10% to 15% of all intracranial arteriovenous malform a t i o n s 1 -5 . DAVMs are complex lesions that need to be evaluated carefully so that the best therapeutic option can be d e t e rmined, particularly when their biphasic behavior is considere d 6 , 7 . Most DAVMs have a benign behavior and it is sometimes possible to observ e spontaneous re g re s s i o n 1 . DAVMs, however, may also present with an aggressive neurological course or a fatal cerebral hemorrh a g e 1 .
A thorough understanding of the angiographic aspects of DAV M s including their pattern of venous drainage, the o c c u rrence of major sinus thrombosis, the pre sence of leptomeningeal drainage, and the pre s e nce of dysplastic venous aneurysms, can help predict a patient's clinical outcome and the natural h i s t o ryof the disease. Left untreated, a DAVM of the anterior fossa or of the tentorial apex demonstrate up to 91% chance of hemorrhage. If a decision is made to treat DAVMs, re g a rdless of the type of pro c e d u re, the goal of treatment needs to be the total obliteration of the lesion. Otherwise, rec ruitment of collateral flow and continued risk of hemorrhage are likely events.
A variety of treatment strategies for DAV M s a re off e red in the literature, including ligature of the feeding arteries, coagulation or excision of the nidus and venous drainage, transarterial, or transvenous embolization, compression of the vessels in the neck, infusion of estrogen into the extern a l c a rotid art e ry, electro t h rombosis of the aff e c t e d sinus, conventional radiotherapy, and stere o t a c t i c r a d i o s u rg e ry. Despite the wide variety of therapeutic options, few have achieved anatomic and clinical cure. The objective of this study is to clarify the best therapeutic alternative among the three most frequently used methods listed in the literature: endov a s c u l a r, neuro s u rg e ry and a combination method.
METHOD
This work undertook to carry out a re t ro s p e c t i v e analysis of 93 patients with intracranial dural art e r i o v enous malformation. Eight of these patients were tre a ted at the Instituto de Neurologia de Goiânia (GO), 68 were treated at the Teaching Hospital of the School of Medicine of the University of São Paulo (SP), two at the Federal University of São Paulo (SP). Results for the remaining 15 patients had already been published in the j o u rnal Neuro s u rg e ry, in 1997 7 . The study covered the period from January 1 s t to July 30 t h , 2003. All cases were a p p roved by the Ethical Committee of the re s p e c t i v e Institution.
The authors found 93 patients harboring DAVM distributed in 5 regions: 32 (34,5%) at the cavernous sinus; 26 (28%) at the transverse-sigmoid sinus; 20 (21,5%) at tentorium; 13 (14%) at the superior sagittal sinus; and 2 (2%) of DAVM of the anterior fossa.
All 93 patients had angiography done in at least six cranial vessels (external and internal carotid and vert ebral) both before and after the treatment in order to study both arterial irrigation and venous drainage.
The group as a whole received either endovascular or neuro s u rgical therapy. Those patients with DAV M associated to pial AVM, vein of Galen malform a t i o n , scalp arteriovenous fistula, direct caro t i d -c a v e rnous fistulae, arteriovenous fistula of the foramen magnum with m e d u l l a rydrainage, and medullary AVM and art e r i t i s were excluded from the study.
Patients who met the inclusion criteria were divided into three groups, according to the therapeutic method used: Group A: patients with DAVMs who only received surgical treatment; Group B: patients with DAV M s who only received endovascular treatment; Group C: patients with DAVMs who received a combined tre a tment (endovascular and surgical).
Patients who achieved both clinical and angiographic cure were considered successful cases. Any other re s u l t combination was considered therapeutic failure. The patients were followed for at least three months.
Group A In this group, four patients underwent coagulation and resection of the compromised drainage vein 8 a n d in one patient the compromised venous sinus was skelet o n i z e d 5 . These techniques were used for fistulas with up to three pedicles and for fistulas with four or more pedicles, respectively.
1) Coagulation and resection of the vein with comp romised drainage -The four patients of this group presented DAVM containing, at the most, three vascular pedicles extending towards the region of the fistula. These patients received general anesthesia and were referred to a craniotomy juxtaposed to the location of the DAVM, which was dissected. The aim was to identify the site where the feeding art e ry was connected to the drainage venous system. Following this pro c e d u re , the venous stru c t u re was coagulated and resected or, in the case of dysplastic venous systems at a greater risk of perioperative hemorrhage, metal clips were used to block the flow.
2) Skeletonization of the compromised venous sinus -The only patient in this group had a DAVM comprised of four vascular pedicles extending towards the re g i o n of the fistula. This patient received general anesthesia and was re f e rred to a craniotomy juxtaposed to the location of the DAVM, and the compromised venous sinus was exposed. It was then skeletonized according to the surgical technique proposed by Lucas et al. 5 .
Group B
In this group the endovascular technique was used in all the patients. In 29 individuals the transart e r i a l a p p roach was used, in 39, the transvenous appro a c h was chosen and for 7 patients, treatment consisted of a combined transarterial and transvenous appro a c h . The patients were administered general anesthesia for selective catheterization of six cranial vessels, according to the technique described by Seldinger 9 . Embolization was perf o rmed with: polyvinyl alcohol (PVA) part icles, a mixture of n-isobutyl cyanoacrylate and lipiodol ® , f ree microcoils or coils with electrolytic detachment mechanisms, also called Guglielmi detachable coils (GDCs).
Group C
In this group, the 13 patients received the endovascular treatment first and then the neurosurgical treatment. For 11 of these patients, the transarterial approach was used, for one the transvenous approach was p re f e rred and for the remaining patient, a combined a p p roach was used. After the method failed, the 13 patients underwent neuro s u rg e ry and, in 11 individuals the technique described by Lucas et al. was used 5 , while in two patients technique described by Thompson et al. was preferred 8 .
Statistical method
For the purpose of this study, Student's t test was used to test the uniformity of the groups with regards to age; the chi-square test was used to test the association between two variables which were analyzed with re g a rds to quality; and the Fisher exact test was used to also test the association in terms of quality. A p value of less than 0.05 (p<0.05) was considered statistically significant.
RESULTS
The therapeutic techniques used, namely, the n e u ro s u rgical method (group A), the endovascular method (group B) and the combined method ( g roup C) for DAVMs of the five regions (cavern o u s sinus, transverse-sigmoid sinus, superior sagittal sinus, anterior fossa and tentorium) chosen for the purpose of this study, were studied in detail. Firstly, the three methods used for all the patients were taken into consideration, on an equal basis. Ta b l e 1 illustrates the success and the failure for each of the adopted methods. A systematic comparison of the methods, two by two, with the fisher exact test, made it possible to conclude that the combined method (group C) was superior to the endovascular method used alone (group B) (p=0.0014). The combined method (group C) was responsible for a 100% therapeutic success rate, compared to 80% for the neuro s u rgical method (group A) and 57% for the endovascular method (group B). Those results notwithstanding, it was not possible to identify significant differences between the neuro s u rgical method (group A) and the endovascular method (group B) or even between the neuros u rgical method (group A) and the combined one (group C). Table 2 analyzes the three treatment options, with the exception of the patients with DAVM of the cavernous sinus, as most of them had been treated with the endovascular method only. It was then possible to conclude that the combined method (group C) was better than the endovascular method used alone (group B) (p=0.0029). We were not able to demonstrate any significant diff e re n c e s between the other methods. The combined method (group C) was responsible for a 100% therapeutic success rate, compared to 80% for the neuro s u rgical method (group A) and 58% for the endovascular method (group B). Those results notwithstanding, it was not possible to identify significant diff e rences between the neuro s u rg i c a l method (group A) and the endovascular method ( g roup B) or even between the neuro s u rgical method (group A) and the combined one (group C).
The authors also studied the instances of therapeutic success and failure for the three methods adopted and for each one of the regions includ- ed in the study, with the exception of those patients with DAVM of the anterior fossa because of the small incidence (two cases only).
Transverse-sigmoid sinus -The patients in this g roup (group A) did not receive neuro s u rgical treatment alone. In spite of evidence suggesting that the combined method (group C) (five patients successfully operated on and no failures) is superior to the endovascular method (group B) (21 patients who underwent embolization as the only tre a tment, with a 71.5% rate of success), there were no significant diff e rences between both methods (Table 3) .
Tentorium -In this location it was possible to detect a significant diff e rence between the endovascular method (group B) and the combined one ( g roup C) (p=0.0397). The combined method ( g roup C) ensures a 100% therapeutic success rate against only 43% for the endovascular method ( g roup B). The neuro s u rgical method was not successful for the only patient studied (Table 3) .
Superior sagittal sinus -In this location it was not possible to detect a significant diff e rence between the three methods, in view of the small number of events (Table 3) . However, the results do not point towards the use of the endovascular method (group B), since only four (50%), among the eight patients treated, were considered cure d , a c c o rding to the clinical and angiographic parameters. Both the neuro s u rgical treatment method ( g roup A) and the combined method resulted in therapeutic success for all the patients assigned to these techniques.
C a v e rnous sinus -In the region of the cavernous sinus a diff e rent pro c e d u rewas adopted, since only the endovascular method was used in all these cases. There f o re, for this particular location, the best therapy was chosen on the basis of the a p p roach used: transarterial or transvenous. Ta b l e 4 presents the instances of success and failure for both approaches, for DAVMs in this region. It is possible to conclude that there is a significant diff e rence favoring the transvenous over the transarterial approach (p=0.0383). The endovascular tre a tment method, using the transvenous appro a c h , c u red 61% of the patients, while the transart e r ial approach resulted in failure for all the patients.
DISCUSSION
Awad et al. 1 0 , in their re t rospective study of 377 patients with DAVM, found the following distribution with re g a rds to their location: 62.6% of D AVM of the transverse-sigmoid sinus; 15.6% of D AVM of the cavernous sinus; 8.4% of DAVM of the tentorium; 7.4% of DAVM of the superior sagittal sinus; and 5.8% of DAVM of the anterior fossa. Brown et al. 1 1 , while following 54 patients, pro sp e c t i v e l y, found 45% of DAVMs of the transverse- , while conducting a retrospective analysis of 258 patients admitted to their institutions, for 18 years, found 50% of DAVMs of the transverse-sigmoid sinus, 26% of DAVMs of the cavernous sinus, 12% of DAVMs of the tentorium, 8% of DAVMs of the superior sagittal sinus and 4% of the anterior fossa. Lucas et al. 7 , in their meta-analysis of 263 patients described in the literature, found 31% of D AVMs of the cavernous sinus, 25.5% of DAV M s of the transverse-sigmoid sinus, 26.5% of DAV M s of the tentorium, 11% of DAVMs of the superior sagittal sinus and 9% of DAVMs of the anterior fossa. In this study, among the 93 patient population, the authors found 34.5% of DAVMs of the c a v e rnous sinus, 28% of DAVMs of the transversesigmoid sinus, 21.5% of DAVMs of the tentorium, 14% of DAVMs of the superior sagittal sinus and 2% of DAVMs of the anterior fossa. In spite of the p revalence of DAVMs of the transverse-sigmoid sinus in the literature, the results of this study showed that DAVMs of the cavernous sinus are more p redominant. However, it was not possible to identify a reason for this fact, except, perhaps for the clinical presentation of the DAVMs of the cavernous sinus (red-eye syndrome). It is visually much m o re evident than the clinical presentation of the D AVMs of the transverse-sigmoid sinus (pulsatile tinnitus), a fact that may lead to greater diagnostic accuracy. As far as the other regions are conc e rned, the results from this study, in terms of distribution, are in agreement with the literature. This project involved 13 venous systems: the leptomeningeal venous system, the veins of Galen, the vein of Rosenthal, the superior and inferior orbital, the superior sagittal, the transverse-sigmoid, straight, cavernous, interc a v e rnous, superior and inferior petrous sinus and the torcular Herophili. The leptomeningeal venous system was p resent in 60% of the patients included in this stud y, and was the most frequent drainage system in the DAVM of the superior sagittal sinus, where it was present in 61% of that population and in 100% of the DAVMs of the anterior fossa and tentorium, findings which corroborate those reported in the literature 6 , 1 3 , 1 4 .
. DAVMs of the superior sagittal sinus are frequently associated to the partial or total thrombosis of a segment, which will cause the venous flow from the sinusal system to be re d i rected to the leptomeningeal system in a re t rograde and hipertensive manner. From this standpoint, any cortical venous pattern can become a victim of this physiopathogenic mechanism, from the small brinding veins to the larg e hemispheric venous system, such as, for example, the vein of Tro l l a rd 1 5 . According to King and Mart i n 6 , DAVMs of the anterior fossa and tentorium have a common characteristic, that is, they are cons i d e red critical and re q u i re urgent surgical intervention because of the high rate of intracranial h e m o rrhage, which is the result of a drainage system which prioritizes the leptomeningeal system. This finding was confirmed in this study, since 100% of the individuals with DAVMs of the anterior fossa and tentorium, in this study population, had venous drainage to the cortical system. Piske and Lasjaunias 1 4 and Lucas et al. 5 called our attention to the presence of venous dilation which tended to form an aneurysm in the Galen system. This would not only increase the risk of bleeding but, above all, would create a mass effect with dire c t c o m p ression at the level of the diencephalon, the aqueduct of Sylvius, the region of the lamina quadrigemina, the superior cerebellar peduncle and the cerebellum. This was observed in two patients (Figure) .
F i g u re. Cerebral angiography imaging of the encephalon with dural arteriovenous malformation of the tentorium and dysplastic venous dilation compressing the lamina quadrigemina.
In 88% of the cases of patients with DAVM of the transverse-sigmoid sinus, venous drainage was to the ipsilateral and contralateral transverse-sigmoid sinus, re s p e c t i v e l y, in the presence of part i a l and total venous thrombosis. According to Piton et al. 1 6 , the presence of total venous thro m b o s i s can cause the venous flow to be re d i rected to the leptomeningeal system. Lalwani et al. 1 7 d e m o nstrated that the association between the pre s e n c e of leptomeningeal venous drainage with part i a l t h rombosis is physiopathogenically due to a previous total thrombosis of the compromised venous sinus, followed by a recanalization of the thrombus, and its total or partial re-opening. Thus, venous drainage to the brain surface would be maintained. Leptomeningeal drainage in the DAV M s of the transverse-sigmoid sinus was present in 54% of the patients included in this study and most of them flowed toward the Labbé system. Addition a l l y, on DAVMs of the transverse-sigmoid sinus, the re d i recting of the venous flow towards the superior petrous sinus took place, pre f e rentially in those patients in whom the site of the thro m b osis is upstream from where this sinus emerges, causing a re t rograde filling of the system and, as a consequence, of the system of Dandy. This can incre a s e the risk of bleeding and also cause rare symptoms, such as trigeminal neuralgia by compression of the e n t ry zone of the sensitive branches of the fifth cranial nerve 4, 18 .
In those patients with DAVM of the cavern o u s sinus, 72% presented venous drainage to the superior orbital vein, followed by 44% to the ipsilateral or contralateral cavernous sinus and 44% to the leptomeningeal system. These data agree with the study carried out by Barrow et al. 19 , in that a predominance of re t rograde drainage to the upper orbital vein was found, which triggering the redeye syndro m e 2 0 . Parkinson 2 1 made an anatomical description of the compartmentalization of the cavernous sinus by the trabeculae and independent venous spaces. Yamashita et al. 2 2 d e m o n s t r a ted how difficult it was to go around the trabeculae inside this cavernous sinus. This mechanism of anatomic distribution was particularly true in those patients whose partial or total venous thro m b osis made catheterization of the several compartments involved in the fistula process especially difficult. As a consequence, therapeutic efficacy was compromised. Another concept that is related to D AVMs of the cavernous sinus, and which was misinterpreted by some authors until the end of the 80s, was the connection between these fistulas and a low risk of bleeding 2 3 -2 5 . Even nowadays, choosing the right therapeutic method is a complicated decision, since both the interv e n t i o n i s t n e u roradiologist and the surgeon may have to face technical difficulties which are inherent to the DAVMs and, more frequently than not, an isolated eff o rt from the part of either one of the professionals could be deemed irresponsible.
The primary objective of the treatment, re g a rdless of its nature, is to completely obliterate the lesion, or rather, to achieve clinical and angiographic cure. An incomplete resolution of the DAV M s results in the re c ruitment of new feeding vessels which can cause the collateral flow of the leptomeningeal system to be re d i rected and thus transf o rm a disease with a benign prognosis into something else, which would be the complete oppos i t e 5 -7 , 1 2 , 1 5 . The literature does not bring proof that could serve to clear the role of the surgeon and of the interventionist neuroradiologist, except, p e rhaps in the case of DAVMs located in the anterior fossa and cavernous sinus, and which are tre a ted by surg e ry and by endovascular techniques, re sp e c t i v e l y. In this sense if the results obtained fro m this study do not serve to determine the guidelines for the therapeutic pro c e d u re to be adopted, they will serve as a guide, fruit of diligent res e a rch, which aims to be simple, and above all, prudent, for the treatment of these lesions.
The treatment and handling of general DAV M s is in constant evolution, especially because of the technological advances in the field of interv e ntionist neuro r a d i o l o g y, and because of the new equipment for superselective catheterization, not to mention the new thromboembolic materials. The determining factor for controlling these lesions is, unquestionably, the choice of the best therapeutic alternative. In these cases, treatment modality can be either endovascular or neurosurgical 26 . H o w e v e r, clinical and angiographic cures are not solely the result of the method chosen. They depend mostly on the correct interpretation of the i n f o rmation related to the angiographic investigation, and which include the presence of total venous thrombosis, leptomeningeal drainage and of dysplastic venous dilation.
Transverse-sigmoid sinus
DAVMs of the transverse-sigmoid sinus can be t reated either by the neuro s u rgical or the endovas-cular method. However, it is important to note that the treatment of a given DAVM must necessarily include its total resolution, otherwise, the intention to cure creates a more vile and tre a c h erous disease. Yamashita et al. 2 2 published a pre v iously unheard of case of DAVM of the transversesigmoid sinus which developed after an embolization attempt, of a DAVM of the cavernous sinus, using the transvenous approach. In this study, the endovascular method used alone was capable of curing, angiographically speaking, 71.5% of the clinical cases of DAVM of the transverse-sigmoid sinus. However, the combined method resulted in 100% of clinical and angiographic cures. In this location, no patient was treated with the neuro s u rgical method alone. However, when associated to endovascular therapy, this method was used in those patients whose diseased venous sinus was t h rombosed, thereby blocking the advance of mic rocatheterization. A total thrombosis of the venous sinus was the main limiting factor for therapeutic success, when the endovascular method was used. In this case, and in those patients in whom drainage was anterograde, the compromised sinus was skeletonized, as recommended by Lucas et a l . 5 , 7 . Another pro c e d u rewas the complete re s e ction of the compromised sinus, in the presence of total thrombosis and retrograde resection 3, 6, 26 .
In view of the clinical and angiographic cure of 71.5% of the patients, as a result of the endovascular method, we recommend this modality of t reatment as the first therapeutic alternative for D AVMs. The surgical method would be an alternative for those clinical cases, which proved to be refractory to embolization.
Tentorium
The combined method was the best therapeutic alternative to achieve both the clinic and the angiographic cures of DAVMs of the tentorium (p<0.05). The combined method resolved 100% of the lesions located in this area, relative to 43% of successful results achieved with the endovascular method alone, and no success when the surg i c a l method was used. According to King and Mart i n 6 and Detwiler et al. 15 the reduced diameter of the feeding arteries deriving from the posterior cerebral art e ry and superior cerebellar art e ry imposes a limit to the endovascular technique in terms of curing these lesions. The same opinion is share d by Pierot et al. 2 7 and Lucas et al. 5 . The endovascular method is effective when one can see the meningeal system which is not derived from the posterior cerebral art e ry and the superior cere b e l l a r a rt e ry 5 , 7 . When these feeding arteries are pre s e n t , this method must be restricted and act only as a therapeutic adjuvant, in order to decrease perioperative blood loss. One should then re s o rt to the s u rgical method, through the skeletonization of the compromised venous sinus.
The natural history of the DAVMs of the tentorium is a poor one, in the sense that these lesions a re frequently associated to leptomeningeal drainage and venous dysplasia. In this study, venous drainage to the cerebral cortex for DAVMs of the tentorium occurred in 100% of the cases, while a venous aneurysm was present in 25% individuals. This association increases, significantly, the risk of hemorrhage 2, 6, 14, 27 . The presence of an aneurysminduced dilation of the vein of Galen is equally related to an aggressive natural history 6 , 1 3 , 1 4 . These D AVMs are located rather deeply, and that constitutes the main limiting factor for achieving clinical and angiographic cures, when the neuro s u rg ical method is used by itself 5 .
Superior sagittal sinus
D AVMs of the superior sagittal sinus are rare . In this paper only 13 patients had DAVM in this location. The endovascular therapy by itself was able to cure 50% of the treated lesions. The neuro s u rgical method treated all three patients eff ic i e n t l y. The combined method produced clinical and angiographic cure in the two patients listed. In spite of the fact that DAVMs of the superior sagittal sinus are not prevalent, it is possible to note a trend which does not favor the use of the endovascular method alone (eight patients tre a t e d and only four cured), especially in those clinical cases which present total thrombosis of the sinus. In this location, the choice of the ideal therapeutic method seems to rest on the individual feature s of each case, and, naturally, on the data found in the literature and which comprise a partial or total t h rombosis of the compromised venous sinus and the presence of cortical drainage and venous aneurysm. However, the frequent association of DAV M s of the superior sagittal sinus with leptomeningeal drainage, normally with a single fistula, (only one pedicle), makes the surgical technique described by Thompson et al. 8 the first therapeutic option for these cases.
